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Given: Increased air traffic

Result: Increased pilot load
 

Action: Safer aircraft and higher capacity
  airspace systems

NASA's 2006 Strategic Plan



  

Flight Decks of the Future

● Sense internal and external hazards
● Evaluate these hazards
● Provide key information to the pilot/aircraft
● Allow for timely and appropriate response

  by pilot/aircraft

Result: Intelligent Integrated Flight Deck



  

● Advanced crew/vehicle interface technologies
● Enable detection of unsafe behaviors
● Fail-safe for changing the operator/automation roles
● Timely detection of external hazards*

Intelligent Integrated Flight Deck



  

External Hazards. 

Meteorological
● Icing conditions
● Convective weather
● Wind gusts
● Turbulence

Geospatial*
● Terrain
● Man-made obstacles
● Foreign object debris

Airspace constraints/restrictions
Environmental*
Traffic*

*Imaging Sensors



  

Use edge detection to generate edge patterns

to compare with edge patterns of known scenes

How do We Detect Hazards?



  

Our Pattern Recognition Process

Similar patterns in widely-varying illumination



  

But is the extra step of enhancement necessary?

Enhancement  with Retinex/Visual Servo (RVS)



  

The Process

Canon
EOS-1Ds Mark II

Adobe
Photoshop

CS2

Retinex with
Visual Servo Langley-developed,

zero-crossing,
two-scale

Correlation coefficient for MxN images
Calculated only on green channel 



  

What We Noticed

The ability to match a scene under different conditions
varied greatly depending the content of the scene, both
by scale and local topography*.



  

*Topography is defined for this work as relief in the scene
which produces localized illumination variations.

This is as opposed to a reflectance-only scene in which
the lightness values are not due to local shadow effects.



  

The Test Scenes

Nitrogen storage tank
very little small-scale topography



  

Tree bark
dominated by small-scale topography

Light pole
moderate small-scale topography

Stone steps
moderate small-scale topography

Lettering
dominated by reflectance

The Test Scenes



  

Brick wall
topography only

Test Scenes

Brick wall
mostly reflectance



  

Our Best Case

“Match” assumed when correlation coefficient is 0.06 or higher
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Good Correlation

Correlation coefficient = 0.85



  

The Data

Correlation coefficients calculated between all images of a time series
Mean = 0.45



  

What About a Slightly Different Scene?

Scene match or not?



  

Isn't a Score of 0.08 considered a Scene Match?

Regular, dense patterns reduce
 the apparent uniqueness of a scene

Maybe!



  

The Results



  

● Increased small-scale topography produced lower correlation
  coefficients while scenes with large-scale topography generally
  showed little to no effect

● Prominence of shadow effects produce more mutable edge
  data - significant component of the frame edge pattern

● Pattern recognition of terrain hazards (small-scale) is going
  to be more challenging than runway hazards (large - scale)

● Reliable scene pattern recognition of terrain hazards will
  likely be limited to range of higher signal-to-noise ratio
  imaging conditions than runway hazard detection

Findings



  

Future Work

● Limit of scene recognition over differing points of view
  and differing scales – i.e. automated landing

● Determination of best case correlation possible

● A new edge detection method which handles noise and
  texture removal, retaining weak features



  

More Information

http://dragon.larc.nasa.gov


